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ABSTRACT

Background: Exploratory video-assisted thoracoscopy (EVT) can be used to assess the resectability of lung
carcinomas. The aim of this study was to investigate the usefulness of this technique for distinguishing
between tumors that invade the chest wall and should be staged as T3 and tumors that have been
incorrectly staged as T3 on the basis of imaging studies.
Patients and Methods: From March 1993 through December 2007, we studied 1277 patients, of whom
150 (137 men and 13 women; age range, 28-81 years) presented tumors classified as ¢T3 because of chest
wall invasion on the basis of imaging studies.
Results: After exploratory EVT, 44 pT3 tumors with chest wall invasion were confirmed intraoperatively and
by histopathology. Of these, 36 had been correctly classified as ¢T3 by computed tomography or magnetic
resonance imaging. However, tumors had been understaged as cT2 in 6 patients and overstaged as cT4 in
2 patients. The sensitivity, specificity, and positive and negative predictive values obtained were 100%.
Conclusions: We believe that exploratory EVT is clearly better than computed tomography and/or magnetic
resonance imaging for detecting chest wall invasion. In addition to correctly staging a tumor as T3 because
of chest wall invasion, the technique can also help decide the best surgical approach in each case.

© 2008 SEPAR. Published by Elsevier Espafia, S.L. All rights reserved.

Utilidad de la videotoracoscopia para una correcta estadificacion de tumores
T3 por invasion de pared

RESUMEN

Introduccion: La videotoracoscopia exploradora (VTE) es una técnica que permite valorar la resecabilidad
del carcinoma de pulmoén. El objetivo de este trabajo ha sido comprobar su utilidad para diferenciar los
verdaderos tumores T3 por invasion parietal de aquellos que se estadificaron de forma incorrecta por las
pruebas de imagen.
Pacientes y métodos: Desde marzo de 1993 hasta diciembre de 2007 se estudi6 a 1.277 pacientes, de los que
150 (137 varones y 13 mujeres; rango de edad: 28-81 afios) presentaron tumores estadificados como ¢T3
por invasién parietal en las pruebas de imagen.
Resultados: Tras la realizacion de la VTE, los tumores pT3 por invasién parietal confirmados
intraoperatoriamente y mediante estudio anatomopatolégico fueron 44. De ellos, 36 se habian clasificado
correctamente como ¢T3 por tomografia computarizada o resonancia magnética. Se observé ademas que
6 casos habian sido infravalorados como cT2, y otros 2 supravalorados como cT4. La sensibilidad,
especificidad y valor predictivo tanto positivo como negativo obtenidos en nuestra serie han sido del 100%.
Conclusiones: En nuestra opinion, la VTE es una técnica claramente superior a la tomografia computarizada
y/o resonancia magnética para detectar infiltracion de pared, por lo que, ademas de estadificar
correctamente la situacién tumoral T3 por invasion parietal, permite decidir la via de abordaje adecuada
para cada caso.

© 2008 SEPAR. Publicado por Elsevier Espafia, S.L. Todos los derechos reservados
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Introduction

Lung cancer is currently the leading cause of cancer-related
deaths in men, and its incidence continues to increase, particularly
in women.! Prognosis is very poor in patients with advanced stages
of the disease and, to date, the only known treatment with curative
intent is surgery. In the TNM staging system, patients with T3 tumors
represent a large group with relatively advanced disease who may
benefit from surgery.

According to the classification of the American Joint Committee
on Cancer, bronchogenic carcinoma is stage T3 when a tumor,
regardless of its size, directly invades the chest wall (including
tumors of the superior sulcus), diaphragm, mediastinal pleura, or
parietal pericardium; when any tumor is located in the main
bronchus less than 2 cm from but without invading the tracheal
carina; or when the tumor causes atelectasia associated with
obstructive pneumonitis of the entire lung with or without pleural
effusion.

Diagnosis of T3 tumors requires combinations of different
exploratory studies. Computed tomography (CT) is currently the
technique of choice for assessing tumor spread and the extent of
infiltration/invasion of adjacent structures. It is accepted that both
CT and magnetic resonance imaging (MRI) can detect mediastinal
invasion (although neither can rule out minimal invasion).>4

Any peripheral lung tumor can infiltrate the parietal pleura and
invade the chest wall. When the chest wall is involved, invasion has
a negative impact on the patients’ prognosis but is not a
contraindication for tumor resection.>”

CT is useful in preoperative assessment for determining whether
or not the chest wall has been infiltrated, with a reported sensitivity
between 38% and 87% and a specificity between 40% and 90%.5° MRI
has a similar diagnostic accuracy to CT for detecting wall infiltration
(CT, 56%-89%; MRI, 50%-93%).3*

Chest wall involvement can also be satisfactorily assessed using
ultrasonography.® However, the best indicator of infiltration is
localized pain,® which is generally present when invasion is evident
and particularly if the intercostal nerves are affected. Nevertheless,
the staging system still has large gaps, which can be filled with
thoracotomy or exploratory video-assisted thoracoscopy (EVT).

One of the problems associated with the resection of tumors
classified as T3 because of chest wall invasion is the access route.
When such invasion is present, wide posterolateral thoracotomy is
needed to facilitate resection of the wall, excision of the lung tumor,
and subsequent reconstruction of the chest wall. However, when the
invasion is diagnosed on the basis of imaging studies alone and
found not to be present during the operation, a Noirclerc lateral
amyotonic thoracotomy or even video-assisted thoracic surgery
(VATS) would have been sufficient for lung resection.

Thus, some authors, such as Wain,'® Roviaro et al,''-'* our group,'4'>
and Yim'¢ suggest that EVT (or “video operative staging” according
to the terminology used by Roviaro et al or “last minute staging”
according to Yim) would be particularly useful in tumors staged as
T3 because of chest wall invasion as the first step in lung resection
to provide a final staging before proceeding to thoracotomy. The use
of EVT to detect whether invasion is present can, among other things,
guide the choice of the most appropriate approach for each patient
(lateral and sometimes posterolateral thoracotomy in T3 tumors,
and VATS in the remaining cases).

The objective of this study was to confirm the usefulness of EVT
in staging T3 tumors that invade the chest wall. The presence of
invasion would allow tumors that should actually be staged as T3 to
be distinguished from those that appear so in the imaging studies. At
the same time, such a distinction would point to the most appropriate
approach, that is, an aggressive procedure with substantial muscle
incision (wide posterolateral thoracotomy) in cases of correctly
staged T3 tumors—involving chest wall resection and subsequent

reconstruction with a prosthesis and/or muscle flaps—or a relatively
unaggressive amyotonic incision, such as Noirclerc-type lateral
thoracotomy or even VATS resection. An appropriate choice of
approach would ensure that the patient undergoes as unaggressive
surgery as possible, thereby improving the chance of a satisfactory
outcome.

Patients and Methods

The present retrospective study was conducted in the General
and Thoracic Surgery Department (Prof Loscertales) of the Hospital
Universitario Virgen Macarena, Seville, Spain.

From March 1993 through December 2007, 1381 patients
underwent surgery for lung cancer. In all cases, EVT was attempted
as a first exploratory step. In 104 patients, EVT was not possible due
to technical problems (firm adherence, lack of lung collapse),
whereas in the remaining 1277 use of the technique managed to
determine the exact status of the tumor, lymph nodes, and pleural
metastases not associated with clinical suspicion; that is, a final
staging was achieved.

Of these 1277 cases, 346 had been staged as cT3 in imaging
studies and, of these, 150 were staged as cT3 because of chest wall
invasion (139 by CT and 11 by MRI). These 150 patients were included
in the present study. In 7 of these patients who had reported local
chest pain, bone scintigraphy was done to rule out distant metastases.
Four patients experienced chest pain indicative of chest wall invasion
that was not subsequently found in the intervention.

The ages of the patients (137 men [91.33%] and 13 women
[8.77%]) ranged from 28 to 81 years (mean, 61 years) for men and
from 31 to 78 years (mean, 51 years) for women.

The technique used, which we denote as EVT, involved surgical
exploration of the pleural cavity on the affected side in order to
assess the tumor and its size, lymph node involvement, possible
unsuspected pleural metastases, and the real feasibility of resection.
Since 1992, this has been done systematically for all patients attended
in our department as the first step in the intervention, prior to
thoracotomy or VATS resection. Patients were placed in lateral
decubitus and 3 entry incisions were made, the first at the mid
axillary line in the seventh or eight intercostal space to introduce the
0° telescope (Karl Storz®), another below the scapula, and the third
in the third or fourth intercostal space at the anterior axillary line,
depending on the anatomy of each patient. These incisions were
used to introduce the instruments necessary for an appropriate
examination of the entire surgical field, which required not just
visualization of the pleural cavity and the tumor, but also—given that
this was a surgical exploration—the pulmonary hilum and lymphatic
drainage areas (by dissection and sampling for intraoperative
analysis). Possible chest wall invasion was also confirmed (Figures 1
and 2) and samples were taken for biopsy if necessary. Biopsies were
taken in all cases in which chest wall invasion was confirmed by EVT,
with samples of the parietal pleura taken at the point of greatest
infiltration.

Although not an objective of the present study, EVT also allows
the pericardium to be opened to perform a video-assisted
pericardioscopy. This technique, which has been described by our
group'”'® and modified by other authors,’®?° can be used to examine
pulmonary vessels when such a study cannot be done outside the
pericardium due to tumor invasion. These findings can help the
surgeon to decide whether to perform an intrapericardial
pneumonectomy.

Results
Of the 1277 patients who underwent EVT, lung resection was not

possible in 141 due to tumor invasion or pleural metastases not
detected in CT or MRIL. In the remaining 1136 patients, surgical
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Figure 1. In the computed tomography image the tumor appears to invade the wall
(a) but the exploratory video-assisted thoracoscopy shows there is no invasion (b).

resection was completed satisfactorily (using VATS in 260 cases,
lateral thoracotomy in 478, and posterolateral thoracotomy because
of large hilar tumors or the large size of the tumor in 398).

Of the 150 cases staged as cT3 because of chest wall invasion
(139 by CT and 11 by MRI), only 36 (24%) were pT3 in EVT, that is,
there was an error in T staging of these tumors by CT and/or MRI in
76%. In contrast, in thoracotomies performed immediately after EVT
for chest wall and lung resection, it was found that all cases had been
correctly assessed, and this was confirmed by the pathology report,
which showed chest wall invasion. In all cases, the entire wall
thickness was involved, including costal bone, even though only
7 patients referred pain in the preoperative period.

We should also highlight that in 8 patients (those with parietal
pleural involvement without bone involvement), both clinical
overstaging and understaging had occurred as 6 were classified as
cT2 and another 2 as cT4 (due to mediastinal involvement). In the
EVT, it was found—and confirmed on thoracotomy—that they were
actually pT3 because of chest wall invasion. This highlights once
again the suitability of EVT—more than CT and/or MRI—for assessing
wall invasion by the lung cancer.

These 44 patients underwent chest wall resection and the
appropriate type of lung resection. The site was on the right side in
33 patients (75%) (26 in the upper lobe, 1 in the middle lobe, and
6 in the lower lobe) and on the left side in 11 (25%) (9 in the upper
lobe and 2 in the lower lobe).

In the 114 patients with ¢T3 tumors in the imaging studies that
turned out to be false positives in EVT (76%), the staging obviously
changed. The stage decreased in 77 patients—5 to pT1 (3.3%) and
72 to pT2 (48%)—but increased in 37 to pT4 (24.7%) (in 30 cases
because of large vessel involvement, 4 because of cardiac infiltration
confirmed by video-assisted pericardioscopy, and 3 because of
esophageal invasion).

It is important to highlight that the approach in the 44 patients
with correctly staged T3 tumors confirmed in EVT who underwent
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Figure 2. a) Computed tomographic image (mediastinal window) in which the tumor
appears to invade the wall, and b) detail of the wall invasion during video-assisted
thoracoscopy (arrow), proven with intraoperative biopsy: stage pT3 after exploratory
video-assisted thoracoscopy.

chest wall and lung resection was posterolateral thoracotomy. In
contrast, in the remaining patients with tumors classified as cT3
because of chest wall invasion (n=114), which were not confirmed
by EVT, the approach was posterolateral thoracotomy in 24 patients,
lateral thoracotomy in 72, and VATS in 18.

Thus, thanks to EVT before thoracotomy, 90 posterolateral
thoracotomies—the most aggressive approach and the one with
most sequelae—were avoided.

Histology of correctly staged T3 tumors demonstrated by EVT and
confirmed during the intervention was as follows: 27 squamous cell
carcinomas (61.36%), 16 adenocarcinomas (36.36%), and 1 oat cell
carcinoma (2.27%).

The specificity and sensitivity of EVT in our series were both 100%
compared to CT and/or MRI, which had values of 89.3% and 81.8%,
respectively. We should likewise highlight that both the positive and
negative predictive values were also 100%, much better than the
results obtained with the imaging studies (positive predictive value
of 23.6% and negative predictive value of 99.18%).

Discussion

TNM staging of lung carcinoma is the cornerstone of the
therapeutic approach and prognosis in these patients. In recent
years, video-assisted thoracoscopy has undergone a notable growth
both in indications for staging and in the treatment of such patients.
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Its utility and efficacy were demonstrated initially by Wain'® and
Roviaro et al,'* and subsequently by our group,'*"> Yim,'¢ Sihoe and
Yim, Hoffmann,?> and Sebastian-Quetglas et al,>®> all of whom
confirmed the validity of the technique for staging lung cancer.
Hoffmann?*? and Thomas et al** affirmed that it is an important
complement to the usual diagnostic techniques, and some authors,
such as our group,'*' even maintain that it is superior to other
techniques such as CT and MRI for diagnosis of T4 tumors due to
intrapericardial vascular invasion.'”8

With regard to the objective of our study, the assessment of a
tumor staged as T3 because of chest wall invasion, not only could
EVT detect tumors erroneously staged as T3 in the imaging studies
(in our series, 114 out of 150 ¢T3 cases) but it could also demonstrate
that some tumors staged clinically as T2 (n=6) or T4 (n=2) were
actually T3 tumors due to chest wall invasion. This could only be
achieved by EVT although, logically, thoracotomy would also have
correctly staged these tumors. With EVT, it is therefore possible to
accurately stage the tumor in terms of chest wall invasion (the
objective of our study) with a specificity, sensitivity, and positive
and negative predictive value of 100%; that is, there were no T3
tumors (whether suspected or not in the imaging studies) mistakenly
staged according to subsequent chest wall and lung resection and
histological study of the piece, which in all cases confirmed wall
invasion by the lung tumor. These findings are consistent with
results published by other authors.?5:26

In addition to the accuracy of T3 staging because of chest wall
invasion, EVT has a further advantage in that it can help decide the
most appropriate surgical approach in each case because, inevitably,
in correctly staged T3 tumors, posterolateral thoracotomy is
unavoidable for en bloc removal of the lung (in its entirety or 1 or
2 lobes) with the corresponding wall. This was the case in 44 patients
in our series. By contrast, different approaches may be used to
manage the tumors shown by EVT to have been incorrectly staged as
T3 in the imaging studies. Thus, an amyotonic lateral thoracotomy
was performed in 72 patients, VATS in 18 patients, and posterolateral
thoracotomy in 24 due to the size and/or site of the tumor.

In short, EVT is, in our opinion, the examination that best defines
T3 tumors because of chest wall invasion, given that with CT—as
indicated by Gdeedo et al?’—agreement is only 35% between imaging
data and surgical findings. T staging is therefore only correct in 54%
of the patients, and 27% are assigned a higher and 18.9% a lower
stage. These data are similar to those obtained by us for the
relationship between CT and EVT.

We should point out the importance of EVT for staging the process
and for assessing the therapeutic indications of patients in whom
imaging studies reflected an incorrect staging, particularly in the
case of cT3 because, as we have seen, the T stage changes in 76% after
EVT, with 51.3% moving to a lower stage (pT2 or pT2) and 24.7% to a
higher stage (pT4).

In conclusion, EVT is a very useful technique for refining the
staging in tumors staged as T3 because of chest wall invasion. EVT
can correct understaging when T3 tumors have been staged as T2 on
the basis of imaging studies It is also useful in identifying tumors
that have been incorrectly staged by CT as T4 and that are actually
stage T3.Itis also a beneficial technique when chest wall involvement
might affect the preferred access to the thorax. The technique is
therefore appropriate for confirming or ruling out T3 staging with
greatest clinical certainty, and, thanks to EVT, posterolateral
thoracotomy—an excessively aggressive access for tumors that are

not really stage T3 and involve no chest wall invasion—can be
avoided.
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